Objective: Intraoperative hypothermia is commonly encountered in anesthetic practice. It is related to several risk factors and can lead to various adverse events. It is important to detect it early and prevent the complications related to it. This study was done to identify incidence and perioperative risk factors of intraoperative hypothermia at a national referral hospital in Bhutan. Material and Methods: A prospective observational study was conducted in adult patients who underwent elective surgery lasting more than 30 minutes. Patient characteristics, incidence of hypothermia, and any interventions for treatment of hypothermia during the operation were recorded. Intraoperative hypothermia was defined as a core body temperature less than 36 °C measured with an esophageal probe. Results: Data were obtained from 91 patients with a mean (±standard deviation; S.D.) age of 42.3 (17.2) and American Society of Anesthesiologists (ASA) scores of 1 and 2 in 62.6% and 37.4% of the patients, respectively The patients underwent elective surgery with a mean (S.D.) duration of 73.24 (48.1) minutes and a mean (S.D.) duration of anaesthesia of 80.9 (49.2) minutes. The incidence of intraoperative hypothermia was 61.5% (56/91). Preoperative heart rate more than 80 beats per minute [hazard ratio (HR) 0.45, 95% confidence interval (CI), 0.26-0.77] was a protective factor and duration of anesthesia more than 60 minutes (HR 1.82, 95% CI, 0.98-3.38) was a risk factor for intraoperative hypothermia. Conclusion: Patients with a preoperative heart rate less than 80 beats per minute and undergoing duration of anesthesia more than 60 minutes should be assessed from the preoperative period and continuously monitored throughout the intraoperative period.
Introduction
One of the common problems encountered in anesthesia is intraoperative hypothermia which is defined as a core body temperature less than 36 °C. The incidence has been reported as high as 30.0 to 50.0%. [1] [2] [3] Intraoperative hypothermia is associated with complications that include postoperative shivering, intraoperative bleeding, delayed wound healing, wound infection, and anesthetic problems such as delayed awakening from anesthesia. [4] [5] [6] [7] [8] Thus, it is important to identify intraoperative hypothermia early to prevent these complications.
The cause and effect of inadvertent intraoperative hypothermia has been extensively studied and many guidelines [9] [10] [11] have been developed. These guidelines suggest continuous monitoring of the core body temperature of all patients undergoing surgery. In a survey study 12 , authors found that hypothermia is recurrent in anesthetic surgical procedures and it is neither valued nor treated as it should. Although guidelines were developed for proper management of hypothermia, implementation is still a problem. It is not a standard of care in many settings in the world. 12, 13 Several factors related to the patient, surgical procedure, and anesthesia were shown to be associated with intraoperative hypothermia. 1,3,14-21 Different studies found different predictive factors for intraoperative hypothermia.
Bhutan is a high altitude country located 2,000 to 3,000 meters above sea level with a cold climate. We postulated that patients who undergo surgeries at this altitude and in a cold climate may be more vulnerable to intraoperative hypothermia. Therefore, this study was conducted to identify the incidence and perioperative risk factors of intraoperative hypothermia in adult patients undergoing elective surgery lasting more than 30 minutes in Bhutan.
Material and Methods
We conducted a prospective observational study at the Jigme Dorji Wangchuck National Referral Hospital in Bhutan from August to November 2017. The study was approved by the Human Research Ethics Committee, Faculty of Medicine, Prince of Songkla University, Thailand and the Research Ethics Board of Health, Ministry of Health, Bhutan. Informed written consents were taken from the participants prior to their enrolment in the study. The trial was registered prior to patient enrolment at clinicaltrials.in.th/. This manuscript is written in adherence to the CONSORT (STROBE) guidelines.
The inclusion criteria were adult patients 18-75 years old, American Society of Anesthesiologists (ASA) physical classification 1 to 3, and underwent elective surgery lasting more than 30 minutes regardless of anesthetic technique. The exclusion criteria were emergency cases, patients with a history of thyroid disease, malignant hyperthermia, malignant neuroleptic syndrome, patients with preoperative hyperthermia (core body temperature >37.5 °C), and patients with difficulty in temperature monitoring access.
The recorded data included patient characteristics and risk factors that included age, sex, body weight, body mass index, preoperative body temperature, preoperative blood pressure, preoperative heart rate, type of case (outpatient or inpatient), type and duration of operation, technique of anesthesia, duration of anesthesia, operating room temperature, and any interventions for treatment of hypothermia during the operation.
The recruited patients were monitored from the preoperative period at the ward. Preoperative core body temperature was measured with an ear thermometer (Medicare infrared ear and forehead thermometer Model HW-1, China) and a digital vital signs monitor (Mindray, VS-800, China) was used to monitor preoperative blood pressure and heart rate.
In the intraoperative period, the patient's core body temperature, blood pressure, and heart rate were recorded at the time of induction of anesthesia and at the start of surgery. The core body temperature was measured with an esophageal probe (Mindray monitor MR402B, China). The room temperature was measured with a room thermometer (KIJ Thermometer, Max-Min Thermometer, Thailand). The intraoperative recordings were done every 15 minutes in the first hour of surgery and then every 30 minutes after the first hour until the end of surgery and the patient was sent to the recovery room.
Intraoperative hypothermia was defined as core body temperature less than 36 °C at any point of time during the intraoperative period measured by an esophageal probe. All patients were monitored until the end of surgery. Patients who developed intraoperative hypothermia were managed accordingly to prevent further decrease in body temperature. Others were monitored until the end of surgery to detect intraoperative hypothermia. During the intraoperative period, the hypothermic patients were treated sequentially with cotton blankets, forced-air warmer, warmed intravenous fluids, and a plastic cover over the patient's head area wherever appropriate. In addition, the operating room temperature was monitored and adjusted accordingly to maintain the optimum room temperature to keep the patients warm.
The sample size was calculated based on the previous reports using the formula for two proportions. We used the proportion of patients with a low preoperative core body temperature in the hypothermic group (33.0%) and the proportion of patients with low preoperative core body temperature in the normal group (20.0%) to detect a difference of 13.0% of hypothermia with a power of 0.8 and alpha level 0.05. Thus, the total number of participants needed was 174. Data were collected from 174 patients who underwent elective surgery but the final analysis was done in 91 patients who had their core body temperature monitored by an esophageal probe. We excluded 83 patients who had regional anesthesia and whose core body temperature measurement were done by the tympanic membrane thermometer because the esophageal probe and tympanic membrane thermometer gave inconsistent readings and could have led to measurement bias.
Data analysis was done with the R program version 3.1.2. Survival analysis was done to find the time to hypothermia in patients who developed intraoperative hypothermia. In patients who developed intraoperative hypothermia we analyzed until the patients developed hypothermia and in patients who had normal intraoperative core body temperature we analysed until the end of the operation. Descriptive data are summarized as percentage and proportion. Continuous data are summarized as mean (±standard deviation; S.D.) or median and interquartile range as appropriate. Univariate analysis was done using the log-rank test. The final model was predicted with multivariate Cox proportional hazards regression model. Multicollinearity was checked using a variance inflation factor.
Results
Data were obtained from 91 patients with a mean (S.D.) age of 42.3 (17.2) years (range 18-75 years) and ASA scores of 1 and 2 in 62.6% and 37.4% of the patients, respectively. The patients underwent elective surgery with a mean (S.D.) duration of 73.2 (48.1) minutes and a mean (S.D.) duration of anesthesia of 80.9 (49.2) minutes. The incidence of intraoperative hypothermia was 61.5% (56/91). The general characteristics of the patients are presented in Table 1 . The lowest intraoperative core body temperature in the normothermia group was 36.0 °C and 34.1 °C in the hypothermia group.
The univariate analysis of the perioperative risk factors for intraoperative hypothermia is presented in Table 2 . Multivariate Cox proportional hazards regression showed that preoperative heart rate more than 80 beats per minute was a protective factor and duration of anesthesia more than 60 minutes was a risk factor for intraoperative hypothermia ( Table 3 ). The median time to develop intraoperative hypothermia was 45 minutes. 
Discussion
The incidence of intraoperative hypothermia in our study was 61.5% which is quite high compared with other studies. [1] [2] [3] We predicted a high incidence due to the cold climate and the geographical setting in our country. Duration of anesthesia more than 60 minutes and preoperative heart rate less than 80 beats per minute were statistically significant risk factors for intraoperative hypothermia in our patients.
These findings were supported by other authors 1, 3, 16 who also showed longer duration of anesthesia as a risk factor for intraoperative hypothermia. The rapid decline in the core body temperature in the first hour of operation was due to the vasodilation and redistribution effects of the anesthetic agent used. 19, 24 During anesthesia, it was demonstrated that heat production decreased and cutaneous heat loss increased by 7.0%. 24 Prolonged anesthesia also increases the exposure time to a cold operating room and is associated with bleeding and increased use of unwarmed intravenous fluids and blood components, all of which can contribute to the development of intraoperative hypothermia. Prewarming in the preoperative period was found to be effective in lowering the incidence of intraoperative hypothermia especially in the first hour of surgery. [24] [25] [26] [27] [28] A study by Kim et al. 3 revealed that low preoperative heart rate was a risk factor for intraoperative hypothermia. Kasai T and colleagues 17 explained that the sympathetic nervous system plays a role in preventing hypothermia. An increased level of catecholamine causes the shunting of heat from the internal organs to the skin. They showed an association of higher preoperative blood pressure and heart rate with a lower incidence of intraoperative hypothermia. However, our study and the study by Kim and colleague 3 found an association between high preoperative heart rate and a lower incidence of intraoperative hypothermia but could not find an association between high preoperative blood pressure and intraoperative hypothermia.
Although a low preoperative core body temperature, old age, female sex, low body mass index, and open surgical procedures were demonstrated as risk factors for intraoperative hypothermia 3,14-21 , the present study did not find any associations with these factors. These differences might be due to the study population. All of the patients in our study were ASA physical classification 1 or 2 with the majority of patients (79.1%) aged <60 years. The dress code of the patients during the preoperative period might have influenced the study results. Bhutanese people usually wear warm clothes due to the cold climate until they change into surgical gowns about 1 to 2 hours before entering the operating rooms.
The strength of this study is that we studied multiple risk factors for intraoperative hypothermia. This study also provides baseline data on intraoperative hypothermia in our hospital in Bhutan. The first limitation of this study is our sample size which was possibly not large enough to generate significant associations with all of the risk factors studied. The sample size that was required to find an association between some factors and intraoperative hypothermia was high. The second limitation could be the inclusion of only esophageal temperature measurement in patients having general anesthesia. This possibly led to the high incidence of intraoperative hypothermia in our study.
Conclusions
Monitoring and maintenance of intraoperative normal core body temperature of patients undergoing surgery is important to prevent the consequences related to intraoperative hypothermia. Patients with preoperative heart rate less than 80 beats per minute and undergoing anesthesia for a duration >60 minutes should be assessed from the preoperative period. Furthermore, these patients should be continuously monitored in the intraoperative period to detect intraoperative hypothermia and for early intervention.
